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THE BREEDING BIOLOGY OF LITORIA SUBGIANDULOSA AND L. CITROPA
(ANURA: HYLIDAE), AND A RE-EVALUATION OF THEIR GEOGRAPHIC
DISTRIBUTION

by MaRIoN ANSTISS & MukRAY | LT gionms:

Summary

ARSTS, M & LITTerions, ML (1996) The brecding biology of Liteoric subglanduloso and 7. cirropa (Anora:
Hyhdae), and w re-evaluition ol fheir geographic distiibution. Trans. B Seco S Awse 120031, 83-99, 20

Noverber, 1996,

The known range of Licoria subglandulose s extended and thae of 7. citopais revised. Population tends
observed al the type Tocality duving the 19605 705 and 19905 e compared.

The advertserient call, adull colouranon g life. behaviour aid embryological development of 2
stubglandulosg are deseribed and compired with those of Lo curpe.. The single eop mass ol L subelardilosa
shows adaptation w the lote eavitonment. bemg compiet and steengly adherent. The cmbreyos and Lieval stages
0l the o species see very similar in shipe and colowr in life fron stage 17 onwaids, but are readily
distinguishible by mauthpars. Comparafive dotes on larval behavionre are given.

Kyt Womns: Litorwe sibclanditosa, Lidoria cirrepa, disieibution, population wends, adverisenient calls,

oviposilion, embryology, lirval behavioor,

Introduction

Litoria subglandulosie wis deseribed as Latery
glandwlose Tyler & Anstis. 1975 bl renamed
because of primuary homaonymy (Tvler & Anstis,
10831, A member of the L. crropa species group
(Tyler & Davies 1078), L. subglandilosa was
previously known only From the Quechsland/NSW
border south (o the New England ranges ol northern
NSW (Tyler & Anstis 1975) The type descripuon
ineluded o deseripuon of the Lrvae. but no dita were
avitilable pn oviposition, embryological development,
larval behaviour or the advertisement call.

The species was found 160 ki soulth ol s
previous known distribution methe mid-=nonh couastal
ranges wod Barrington Tops region by one of s
(M.AL ) in 1977 IS presence there and the absence
of L ctrep, prompted o re-examination of the
distibution ol both species. In addition, observadions
on oviposition. the morphology ol embryos, larvac
and adules and a comparison ol the advertisement
calls ol Lo citroper and L. subolandilosa were mide
and are reported here.

Materials and Methody

Littice subglaneulosa

Adudt specimens  exantined:  Australion Museum
(AM) R17577, 35525, 42934-35. 30163, 31096-7,
SEIO4, 3173549, Point Lookout; R34458 - (4km
Fast of Ebor; R36724 - Oukey Creek near Ebor,

= X0 Wideview R Berowr Herghts NSW 2052,
H«‘]‘Hll‘llill"ll il f(-nln;_"\, Einversd iy of Mcthawme
Parkyille Vie 3052

R36Y75 - Guy Fawkes River, Ebory RTHIO9-711 14 -
Back Creck (Barwick River) ncar Poimt Lookoot-
RITOVT - Sk S of Walcha : R3V056 - SO0km E of
Glen Innes (Gibraltar Range); R32031 - Sandya
Creek, Dopvigo; RIVTR-H0 - Styx River, Poinl
Logkout; R76319 - Gloucester Tops: R316M3
Upper Allyn River. Barrington Tops: R1048932
Ellenborough River, Bulea Stie Forest, NSW

Lterta cirrop
Adult specimeny cxamined: Australian Museum
R7500 Orbostz 7362, Aberleldy, Vie: 19237, 18234
18236, 18238 Stunwell Tops: 794360, Stanwell Park;
24500-24505, 27590,  Fauleonbridge; <5858,
Thirfiere Lakes; 31683, 7112, 78927 [felenshureh;
G5424, Tiunjara Falls; SR8, Megalong Valley: 71 11,
Huzelbrook:  5008.  Blackheuth: 69034, Bell,
Korrgong Rd.: 76625. 18 km N of Lithgow: 8459,
Ponnant Hills; 14405, Coln Vile: 79100, 76623,
Culoul Range N of Colo Hus: 4261, Bundanoon;
TIR98, 2 km N ool Moss Vale; 15462, Goslord:
T8204-26, 786098, Kuringai-Chase: 60425, Nadgee
Reserve; 79439, Galston Gorge: 7563, Manly, NSW.
Phiee adults ented as Lo ciiropa by Tvler & Ansts
C1O75) fram Barmngton Tops localities - Dept Zool,
Upive Melhourne (MUZD) 1792/64 - Upper Allyi
and MUTZD 1690-91/63 - Wombit Creek, were re-
exwmimed because of apparent overlip in range with
the Barrirgton Tops localities tor Lo subglandilosa.
These specimens have sinee been registerad by the
Nuavonul Museum of Victoria (NMV) as 1232666
(Upper Allyn Rivery and 1D32664-65 (Wombat
Crock). Stmlarly, twa specimens (NMV DG7009-10).
ciied by Coplund (1957) wa Lo cfmiope from heal
Girafton. novh-castern NSW, were exanuned,
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BREEDING BIOLOGY OF L, SUBGLANDULOSA & L CTTROEA o

(Avipasion and cnibryos

Ohservations on thee captive breeding pairs of
wivh species, collected by MCA | are sSummatised n
Tables 2and 3, Lo each case, a calling male was lirst
collecied at night, then a gravid femawe was found
during daylight the next day. i the same vicinity us
the male. The pairs were each placed 1 a lurge
inflated plastic hag containing stream water, o flat
rock and aguatic vegelation. The bag was covered
with opague matevial for the daration of wmplesus,

Litesvted subglenduleiyg

Stages =25 (Gosper, 1960) were studied 1rom
three separate cge masses. oae from (he (ype focality
(locality 100 Table 1, and the others Trom [ae pew
localities 3 and dh. Hereafter, nuinbered localities
will reler o Table 1o(onless otherwise stated).
Furthes saiples fromyvezs masses Tobnd i the steca
al logality 8 were maintisined gnril stage 25
confirm identity. by Dr A. While of the Natiomal
Parky & Wildlde Servive, NSW (NP&WS). Fmbryos
and Tarvae were theld an dishes (40 ¢m diwm.)
containing  streat water, rocks, sediments atid
aguatic vepetabion, und mainfained o 1422070
ucality 94, and 15-24°C (localities 3 and 4h).

The eeg nuss from locality b fud on 710 180
luble 20, was subtmnereed wirtho o metal lea strainer
in thecool, fowimg water of the stream for the initial
o divys of development, but both the egy misses
from focalilies 3 and 4h were maintained at higher
wemperatires of up 1o 24°C away from the stream
from the thid day afier deposition. Emhryonie
development was observed dnder o Wild MS
SIETRORCONIC MILTOSCOPE,

Litoria citrespd

Stages |+ 25 were studied from twe egg migsses
fronmy Darkes Forest and one  from Ounimbish
(oealities 15 & 16, Table 3), Samples of egus Tound
soatiered over the substrate in the stream were raised
1o sge 25 (o conlinm identity. Adults in brecding
condition were placed inoan ipfluted plistic bag
covered with opague audeniul during anplexus and
e resulting embryos maintaned ab 16°-23°C.

Latrvae

Tadpoles were measared (Lo 0.1 mm) with vernier
callipers and un ocular aicromneter attached 1o the
microseope. They were annesthetised in Chlorbutol
solution before prescrvation in 3% tornuling The
stapging  system 1s that of  Gosner (1960,
Abbreviations for larval measurements shown in
Table 6. follow Anstis (1976); TL = totul length, BL
= body length. BD = maximum body depth, TD =
muximum il depth. TM = 1l musculature depth
(measvreed in line with TD). 103 = interorhit] span.
IN =internarial spun. EN = the distance between eye

and maris and MW = maximum  mouth width,
Mlustations were made using o drawing  wbe
atached W the microscope. Preserved and living
lurvae of L, subelunmedulosg Trom siles 1 - 9 were
examined for comparison with those from the type
locality and measurements are given in Table .
Fecding and swimming hehaviour of several larvae
of both species was observed i captivity and i thei)
mitural Jehe epvironment,

Advertisementr cally

The calls of Lo vubglaridulosa were vrecorded af
tape speed of 4 76 Cfsec !, bsing a Sony TO-DSPRO)
portuble cagsetle recorder with a Uher MSTG
microphione and o Grampian parabeliv etlectar,
Culls of . ¢rropa were recarded with o Nage 4.2
open-reel 1ape recorder af o thpe speed of 19 ¢ see !,
apd a Beyer M-RE cardiond dynamic imcrophone.

For Lo subglandutosa, the ape casselie wis
replaved on o Nukamichi Dragon tape deck. and for
L. citrope. the vpen-recl tape was replaved on either
a Revor B-77 or a Sony TC S 10-2 rape recorder. The
caills were anilysed on w Kay Elemenes Digital
Sonu-Graph. Model DRSP-5500, Addilional analyses
ol waveforns were made by way of o Sound-Blaster
16 catd (Creative Technology) installed noan 15M
PC-compatble desktop computer, and osing (e
Wave Studio (Creative Teehnology ) aid Spectia Plus
Protessional. Release 3.0 (Pioneer Hill) soltware,
Both systems yielded consistent results tor analysis
ol the sume signuls,

The domindnt (= peak)  fréguencics were
caleutated ay those ol greadest aunplitde i power
spectrurm or an averaged spectral display. Numbers
uf pulses were deteroined by inspection of
waveforms. Pulse rates were culeolared from the
interval between (he peak of the first pulse and the
puak ol the Last pulse ora pulse train and the number
of pulses reduced by one (re, n-1 pulses) Because
of the difficulty in determining the heginmings and
ends (e zero wmplitudes) of pulses and pulse
fryins. the peak - peak interval wis tuken as the
durabion. Where uppropriate, pulse teaing are lermed
‘notes™ TE twa distinetly dillerent types of tempoeal
unit ave present in a catl. then the signal is deseribed
s diphasic (sensp Littlejohn & Harrison 1985).

Results

Distribution wpd habital
Litorie suhglandulosa

The new localiies (1-9) recorded in Table | extend
the known southern range ol this species about [80)
kmo Al localities are permanent streams/rivers of
basalt or metwnorphie rock coutry associated with
i larest, montaie or wet selerophyll forest (except
for 130 & 13h)y and are af S10 m or lgher, The
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Latertee suhglanduloya provided by Tyler & Anstis
F1978), inelading o number of new Tovalines b f- arbe-
landitlosa.

southernimost locality at which the species has heen
found s lecality 9, Fal Brook, Mounl Royul Stile
Forest. NSW. The National Parks & Wildlife North-
cust Forests Biodiversity Study (199 1-1994) records
L. subglandnlosa st o number of sites between the
Burrington Tops region wd the northernniost forests
of NSW, including Doyles River State Forest, Mi
Boss Stale Forest, Nowendoe, Werrikimbe Nulional
Purk, Gibraltar Ramge National Park, Styx Shile
Forest, Spivihn State Forest und  Boonoo State
Forest. This indieates the species has o Fairly
contimuous distribution along the range country. from
locality 9 in the south 1o newr Stanthorpe, just north
of the QIAANSW horder (1517 40" 30" E, 287" 40"20"
S)tbig, 1),

On o daylime visie o localiies 10 and 11 on
195111994, no tadpoles of this or other species were
located, This wis al o time when numerpus adpoles
af L. suhglandulosa, L. bhovroalongensis and
Mixephves hathus would be expecied 1o be present
(based on annual studies in the 1960 and "70s).

FLETTEEIONN

Observahions by John de Bavay and Paul Webber
confirm that there has been little evidence of this rog
over recent years at the type locality. suggesting that
the species may he undergoing 4 decling there. The
Nationul Parks and Wildlile Biodiversity Study s
records ol five males ol this species calling al three
sites on 2Lix. 1995 in the Styx River State Forest in
the region ol the type Tocality:
1) Bely Creek - lat/long. 307 34" 39" F, 1527 14
438, (altitude 1060 m)
2) Bely. Creek - 30" 35" 26" L 152" 13" 18" S,
(890 1m)
3) Watle Flat Camping Area - 30" 35 28" 15 1527
127388 (870m),
Observations on 208101994l focalities 12, 13b
and 14 (all northern Jocalities), indicated (he
preseince ul Lo sabglandilosa tadpoles

Litewia citropa

Specimens NMVY D3Z26606 (Upper Allvn River) and
D32604-65 (Wombal Creek) were exiumined and, on
the hasis of the indistinel fympanum, prominent
suprutympanic told and head width. were found 1o be
L. subglandulosa. NMY DOT09-10 cited by Copluand
(1937) as L.ocitropa from bear Gratton i the poeth-
eust coast of NSW. form (he basis of the statement by
Heawole o af. (1995) that L. citropa “extends from
northeastern New South Wales 1o southeastem
Victoria™. Upon examination. these specimans were
fond  to have the  body  proportions  of - L
sithglandulosa, bul because hoth were collected n
863 and in a poor stae of preservation. it is difficuh
o come toou definmie conelusion as 1o their wdentity.
The two species have not been found in sympatey
any site examined, and this fact, i combinaton with
the examination ol museum malerial, indicates thal
the drainage of the Hunter River appears to be
naturil geographic birvier separating them (Fig. ).

Larvae were ohserved by M AL on Li. 1976 und
2501996 4t Boardinghouse Dam in the Watagin
State Forest, sourh of the Humter civer NSW (337 (0
" 15T0 245 15" 8) and hy R, Wells Turther north
in the Pokolbin State Forest, near Cessnpeke in
January 19930 This s the northernmost known
Tocality Jor this species..

Ltorta Nahglandulosa appears 1o replace L. citropa
in the Barrington Tops region north of Newcastle
(Fig ). Lo ciropa oceupies 4 wider variely  of
habitats thair L. subglanduloya, including permanent
slreams in basall counlry associaled  with wel
selerophyll or montane forest, 1o similar slreamy in
sandstone coontry. Although found at an altitude of
1066 m at Aberfeldy. Vie. and Blackheath, NSW. [
citropa also Tas been Tound in Tower coastal areas 1o
SO0 m (locality 16, Tuble 3).

"
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Aduli cotowr i fife
Litrwrin subglandulosa

Specimens  from northern localities  were
predominantly green. whereas those from ond-north
coustal locatities (1 - Y9y ranged (rom unitorm golden
brown with scattered darker motfhing over the
dorsunm, (o specimeny with some small areas ol
green. ofien along the canthus rostralis or vader the
eye, Two mades Trom Jocality | oeach had o broad
dorsal pawh ol wreeen over the head or dorso-Tateril
regions Twoo specimens,  AMRT6519. fram
Gloucester Tops NSW. und another observed hy 11
Hines (NPAWS) al Fal Brook (locality 9, were
uniform bright green. apart frooy the characterisie
polden dorsa-lateral stripes.

Some golden-brown specimens developed large
Brght green patches over the doesuine st might 15,
Ciow pers, contm. ). The inner surlaces of the bind
limb and groin area were wanstucent yellow. as
o i adules from the type Toculity.

Foatowied cilroga

Litertee cttroper s aounitorm colden brow i dorsil
calovration (with green alang the canthus rostealis
and sides ol the bady ). similar o iost specimens of
I subglandilosa Trony localinies 1-9. The prinerpial
difference between the spedics 1= the colour of the
mnner surbaces of the hind lrmband grom, which o L
o 18 hrick red.

Ceflling arctivity
Litpria subelandulosa

Culling beging i spring and was observed on
2000 1994 an localivy 8. when water temperatures af
might were very lowe e.p. 67Coand the diy bulb e
femperatore at locahity Sho(1900 h) was 9.8 'C (A,
White, S, Gow pers. comm, ), Other observations by
NLA, at (he type Tocadity during annual throe-week
periods (Dec/Jan. 1966-74). and al all ather
locahties histed i lable 1, mdicate thar calling
persists tiroughout December/lanuary ina vanely of
weather conditions, with icreased activity during, or
after. hueht g, Evening dry bulb air lemperatures
laken during penods o sprong/sutmer ety at the
localities in Table T were 13°C-19.57C (mean
15 7°C) At the Tower temperatures (137 144C).
calbug was less intense and hy sural comparison
only, notes were b a slower repetition rate.

Spopiedic ditrnal calling was commern douring the
brecding season bul males were most active i mghl.
Divrnal calling ook place rom concealed positions
such as uipder rocks or from within vegetation. either
near the stream. o at tmes up 1o about four meties
away from the water. A single male or a small
number of mdividuals, coalled from as early as 0742
b (eo Tocality 7h). Nocturnal calling was. initiated
by one frog, nonnally followed by others i g

distinetly polyphonic chorus. The calls of frogs atthe
southern localines could nol be differenbiated trom
those of males at the type locality.

Males vbserved calling at mghtwere-often perched
on hroud Ieaves of trees and shrubs approximately
0.5 1.5 mabove streams, on férns at the edge of the
strepm, or on yegelation further frome the water's
edue. They were Trequently found calling in small
graups. two or mare metres apart. On 225 1494 at
localiy Sh. 40 mades were calling at night i groups
ol up o six wong u S0 stretch ol the streanm (S
Gow pers, comt ). Al locality 7h on 7.xe 1944 (our
males were calling 25 m apart (K. Thwmm pers,
comnm ).

Ancanatysis 0f the advertisement call s provided
helow and ¢omparisan made with that al 1o e frrepeg
Two addilionad call sequences, dtpbutable W £
sthelandnlosa, are in the Bioacoustic Fabrary of the
Department ol Zoology. University of Melhourmce.
both recorded by M. L Lindejohi and his associaes.
The first from Goy Fawkes Creek Ebor NSW (30
24" 20" T2 1527 20" 46" S) was recorded on
2805, 1964 af wwet bulb i lemperatiure ol 8.57°C. and
the second. Irom Flal Rock Creck 8 ki W ool Pornl
Lookout NSW iclose o the st site ), on L 1968
at u wet bulh air wnperature of 13'C They ate
stmilar in all pertinept vespects to the call deseribed
here.

Literriat citrope

Maley at Darkes Forest tlocality 15, Table 3) were
obseoved during sprtig and sumiver calling frog low
hranches neside the streant, on rochs near the edge of
the water: ar on exposed mack shelt o mid-stream
clase o shullow. slowly flowing winer. As with 2,
subglendulosa. mules called while two or miore
metres waurt and achivity increased on o overcast
evenmges  during or aller ram, Deyv-halb i
lemperatures on several nighls when males were
calling 1 September - December. 1972- 7986 were
147-22C No divenal calling wits ohseryed.

Advertisement calfs
Literria subglandulosa

The advertisement call of L. subglandiloza wirs
recorded by 1o Coortney al Dichard Creek. Glen
lones (locality 1340, on 20.x.93. The dry-bulh an
wemperatere was 13°C The lollowing dita were
obtained from the foueth call in the sequence (Tig.
JA) The call hasa duration of 9.375 5 and consists
of 13 puairs (doublets) ol pulse trains (notes), with
each of those in the first five pairs all being of
relatively fow amplitude (Fig, 3b). In the subsequent
seven pairs ol notes, the second note 1y ol much
prédter amphitude than the st Thus, all but one ol
the first notes (which is of equal amplitude) are
sotter, with the amplitode of sccond nofes being
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Fig. 2. Lave egg mass of Litoria subglandulosa attached 1o o leal from submerged overhanging fohiage in Tuckess Creck,
Barrington Tops ( locality 8), Scale bar = [0mm,
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seconds

B Fig. 3. Wavelorms of advertisement calls of Litoria sub-
glandulosa and L. citropa.

A. The complete advertiscment call ol Litoria sub-
glandulosa trom which the values given in the text were
derived. This call was recorded at Dichard Creek, Glen
Innes, (locality 13a), at a dry-hulb air temperature of
13.0°C.

B. An cxpanded waveform of the eighth doublet in the
call depicted in A.

C. A waveform of the complete advertisement eall of
Litoria citropa from which the values given in the text
were derived. This call was recorded at the Rocky River
Road crossing on the Brodribb River, 17.5 km NNE of
Orhost. Vic. at a wet-bulb air temperature of 17.5°C.

T T T T
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milliseconds

seconds
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arcater by upr o 2 dBan paies 1-7, il by 1210 20 B
i pairs 8- 13,0 Puranons ol doublety rimge from 291
w 372 ms (mean = 3340 intervals hetween dooblers
ruee from 84 1w 159 ms gnean = L&) The
repetition rte ol the douhlets is 135 &' The
doaniiant or peak treguencies ae within the ange ol
[360-1480 Hz, with meany of 1405 Hz for the Ars)
notes and 1454 He for the scecond notes, There are
1015 pulses gmcan = 101y an the first notes ol each
of the first seven pairs, and 4-6 pilses (medn = <8)
10 the remainder, with 1323 (mean = 160 the
second note ol the st seven pairscamd U-11 (mean
= O3 i he remainder. Rianges of duritions of birst
ootes dre 7297 my (mewn = 85.9) for the Riest seven
pUirs, 43-B92 ms (musin =59.8) forthe others and 126
Y s tmean 137,60 apd 134139 ms tncan 144,2
respectively Tor the sceond notes, Pulse rites of frst
noles raige fosm 125167 p ol (imean 152.5) 0 the
[irsr seven parrs, Lo 36-R5 p &' (rcun Hd 9) ai e st
sine bor e second notes, e allges Bog pikse rates
are Y2-TRZ s | imean 145,00 for the Tirsl seven puirs
and 56-75 p s ! (mean H49) [orthe Tast s

Litopiee ofthapn

The advertiscment call of iy species Wi
descrbied by Livlejohn w6 af. (1972) from (he
audinspectragraphic and oscillographic analysis nf
iwo calls of one individual recorded (Nagre HIEE
recander, Electro-Voice EV 644 micraphone)
T Creck 9 ki W ool Cann River Vic (1497 08"
B AT 34°8) on 24.x. 1968, The male was calling on
thie bank wl o wet-bulh wir temperatie of 10.5°C.
Owing o hackground notse levels 10 the recording.
only aracing of o waveform was provided.

This relatively Tong call (3.2.3.6 5) wis described
as of complex emporal strocture (e, strongly
diphasic), with a Jong inlroductory note (9710-4710)
st of high and regnlar pulse rue (4o p s . followed
by o sequence ol ireguboly  praduced pulses in
groups of 5-7.The groups have durations between &)
and 1200 ms and pulse rates of 34 57 p sl near the
stadty and are lonser (245-500 ms) and of lower pulse
e (10-21 5" near the end. The  dominanl
Trequencies range trom 1330 10 1800 Hz within
hroad bund of frequeneies between 1250 10 3600 Hz.

To confirm this description, and 16 provide un
sidication of possible etfects of temperatiure, the Lt
clear wall i the recorded sequence of anothe
il of L, citropa wus analysed. The recording
wits made al the Rocky River Road crossing an (he
Brodribby River 175 km NNE of Orbost Vie, (1447
AR, 37 30°S) by ML) Lidejuhin on 28511981
This frog was calling from vegetation ai o heigh of
ahotit 50 ¢m, udjacent (o the river, at a wet<hulh wdir
temperature of 17.5'C, A wave Torm ol this call s
presenfed i e 3C.

The call. which hus an overall duration of 2,866 5,

consists of a distmet st note which s w regalan
pulse train with a duration of 814 s, w pulse rute of
187 postand a dominant frequency of 1640 Heo A
single pulse (duration approxumatcly 7.0 ms) with
dominant frequency of 16000 Hz follows. The
remainder of the call consists o eleven grouprs ol 3-
3 pulses bul four pulses and one pae ol pulses canpot
realistically be grouped 1o allow caleulaunn of
pulse rate: otherwise. pulse rales runge frons 31 10 wd
L The dominant frequencies of these pilses ringe
fromm 1 200 (o 1300 Tz wnd (the durations.of the pulses
range from 8.0 o 120 ms, The variable pulsalile
secatd part of this call has o masmiam amplitude
aboul S U fegher than that of the ntraduciory nale.

Chvaposedion
Litcrriel subelandidise

The advertisement call ol the male wie heard o the
bag heford wmplexus oceurred. Detiils of egg musses
laned e presented T Table 20 Ovipositon was hot
observed, bl For cach of the Three capuve paurs
studhied, oo single egg mass was [oued adhering to the
side vl the bug. just helow waer level, The cges were
lard i asmall, eommpact clump ol 1wt tiree iyers
ol extremely  sticky, cobierug  capsules,  Egp
complements for two females were 292 and 425,

Anather eight ceg masses ol this species were
[ound at loeality 8 an x5 1994 by A White and
S, Gow. Each mass was atached 1o an averhunging
leal o twlg ook Twe 10 vermcal o pear verticn)
arpentation, just befow the waler supface oo showly
Mowing section ol o pool (some in mid-strean), The
pool was heavily shided by an alimost complete
canopy cover. Steady cam hod fallen three duys
carlier and  the surthee water  temperiture it
1400 T was 94°C, One of these masses, removed
from Ihe stream on a leal and photogruphed, s
shown in Fig, 2

Litotier it

O 25 1973 aviposition occeurred atter the malke
aed Tenale had been collected ar Ourimbah Creck,
NSW (loculity 16, Table 3, 2200 b, The frops
were placed o plastie g The ntale saon began to
call and the pair was i amiplexus three hoors wlice
capturd. At 0156 h on 26019730 the imtal twa
sequences of oviposition aetvity oceimed; at 0157 I,
a further four ovipusition sequences. Tollowed, witly
only about three seconds belween each, Oviposition
was complete by 0159 b

Ioa typical sequence. the female dorsiflexed her
hody with outstretched hind limbs and produeed o
batch of eggs. The male tertilised them winle
cupping his feet in g lanming motion around the caes
The female then scattered the eggs with three sudden
Kicking moyements of her hind limbs, The eggs siank
und spread ina single liver acrass the bollon. She
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Tasre 4 Comparison of embryos of Litoria subglandulosi and Litona civropa

Developmental stages are those of Gosner ([96())

Stape

B Samnple Mean embryo

diameter/length

Losubgland. L.eitrope (mm)

[l 1
i gl | .59 |73 357
17 9 |5 N ¥4 312 -
2137 i 9 h53 0,76
24-25 § 7,34 405

Mean capsule
disimeter (imm)

Description

1 subglamdidose Lociteopa

L. subylund. L. citropa Losubglaned. .o citropa

dark brown/
creimy white

6,11 Animal pole: black/

vegerel pole: dark grey

dark brown/
creamy while
acutely angled

Body: dark grey,

volk suc light grey

Hewd (lateral view):

acutely unygled

Oprtie vestole: small,

distinet bulge

Gilly: anterior 3-4 branches
posterior 4-5 branches

Jarger,
indistiner bulge
1-2 brunches
2-4 hrunches
(shorter)
non-pigmented
tooth rows,

Lateral lines: pigmented
Meuh-parts: no wooth rows or

keratimised jaw sheath keratinised
i Jaw sheath
Huteling times 610 days -6 days

then swiaum o another site and the process was
repeated. During the final sequence, the Temale
remained in the dorsiflexed position aboul three
seconds longer, bot produced no egas. The male then
released the female at the point when she began
kicking her hind limbs.

The cpa complement wis 655, Embryos hatched m
foor - Five days at water lemperatures of [ 7%-237C.
Two other egg masses laid in captivity contaned §90
egas und 928 eges and ok four - six days 1o
coiplere hatching at 16%-237C (see Tahles 3 & 4).

In the tield, the eggs were found scattered over the
substrate in shallow pools or slowly Towing sections
of the stream. which is similar (o the mode of
deposition of cggs ohserved in caplive pairs.

Tasie 5. Dimenyions of preserved embryos of Litoria sub-
alandulusi
Imean i mn, range i parenthesis stage -
Gosnier. 1960)

Stage Sanple Embryo diam.  Capsule diam,
2 4 .39
(1.36-1.04)
7-% s 156
(1.56-1.56)
16 A 2048
(2.415-2.05)
17 0 a7
1203234
20 8} 380
(3 49-6.23)
2122 3 0,53
(6. 48-0.04)
23 - (.80, 7.34
hel | 734

Embryone development
Litoric subglamdulova

Mortality rates ol embryos mamtained in captivity
were high. The survival rate (after removal from the
stream). was greatest amongst embryos in the top
Jayer of cach muss, Those below this layer mostly
ceased developing beyond ubout stages  s-12,
Embryos from the egg mass held at locality 10 in
water temperatures of 14%-21°C. survived the
longest; hatching occurred from days 8 - 10 and vnly
17 reached stages 200 - 25, The mass from locality 3
did not develop beyond stage I8, Initially, the
embryos from Jocality 4b continued 1o develop
during the two days of immersion i (he siecam
hefore higher temperatures away  lrony the stream
were experienced. Hatching occurred at stages 20 -
21 eom days 6-8. with only eight enibryos surviving,
Embryos from the southern localities muleh the
fallowing description of those from the type loculity
10,

Lmbryos Lud early on 11974 (locality 10) were
al stage 2 when a sample was preserved at (0945 h.
The animal pole is black and the vegetal pale dark
grey. There are two layers of jelly surrounding the
perivitelling membrane. Mewsurements of embryos
are given in Tahle 5. The embryos were at srages 7-8
after 8 h, and 8-9, alter 12 h. Six embryos at stages
7-8. measured alter preservation, have a smaller
mean diameter than the same embryos measured live
(L7 mm live, 1S min preseryeds capsule diaieter
3.6 mm live, 3.3 mm preserved ) Alter 23 h, embryos
were at stages 10-1 1, and after 38 h. at stages 12-13,

Stage 17 was reached after 62 h. A specimen drawn
at stage 17 (Figo A s deserthed:- pronnnent optic
vesicle, pronephrie swelling, slightanal balge. large
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wier {1960

Seale bar = omm, S wee lrom G



BREUEDING BIOLOGY OF {0 SUBGEANOCLOSA & | CTEROPS W7

gill-plate swelling, wath begimings ol muscular
ridges along dorsal surlice just below nevural tube. U-
shaped adhesive oraan, slight stomodaeal groove
hegmning ta o Head truncate. aculely angled in
Leral view. Tail bud short, rounded, with strong
depression an each side below neural wbe. Yoik sac
grey, rest ol body very dark grey. After some vears in
preservation, hady appears dark and yolk sac lighter
browin.

Embryos examimed at 71 h were in stages 17-18:-
growing tail bud pointing scutely to the left vde of
the body within fivm jelly capsule: bwo viseeral
arches forming, nacial pits beginning to develop.

Alter U5 h, stage 18- optie vesiele more defined
with groove forming between this and gill plate;
pevral tube, dorsal musculur ridges, nurial pits and
divided adhesive organs all imore developed.

After 131 by stages 19-205- small external gitls, gill
circulation nat apparent; head small, more ronnded
aver erantal egion, adhesive organs diminishing,
ophic vesicle depressed  shightly an cenlre: live
cinbryos dark grey dorsally, lighter grey over volk
s, movimg sehvely within capsule.

Hatehinge begun cight days afler oviposion. all
surviving embryos had hatched  aler wen days
Fmbryos hutching fivst on day 8 wepe gt stage 20 (i
relation o oplic Jdevelopment,  but no mill
crrenlinon)z- Ophic vesicles indistinet, valk suc
arge: deepened stomndaeal pir with adhesive organs
close together ol anterior ond, a divided vidge ar
posterior end; gills developing. noticeably  ynoie
adyacced op simstral sides veni lube wol well
difterentiated: lail fins dusky grey. shighily arched
darsally; hody dark grey brown in preservative. heud
region slighy durker.

Stage 2] wis vedched on day 10 relation o gl
developinent and Lwk of il fin ciredlaton only,
(Fig, AC)- two pairs of well-developed Tunctional
external gills. comprising, 2-4 branches vn anterior
pal. 13 on pasterior pairy adhesive organs simall
teanshicent; optc vesicle undefined: fins tanslucent,
dieepemng fuether, circulalion nol spparents Gl
mivsculilure poorly deyveloped,

Five final hatchlings at 1900 h on day 10 were at
slage 22 in relution 1o tail cireulation. hut other
development was associmed  with stages 20-21 -
corneu sull not bansparent, proniment but only
plitindly pramented optic yesicle: tal fing deepening.
gills: sl maximum development, fully tunctional,
longer - some specimens than ofthers: adhesive
argans  merging o form small ndge ywouth
trngulurs T of pigment from tp of snoat through
cach narial pit 1o eye.

Stage 23:- cornca transparent, eyes well developed.,
heswily pigmenteds anlerior hall of body becpiming
tragsparent soound pares; il dimmmishing. operenlum
developmg,

Slage 240 vent tube more discernible, oral dise
developing. with small trigngolar funnel above large
ovil depression 1 became lower lahium.

By day 13, most remaining émnbryos were ot early
stage 25 aalden indophores seattered jo spots over
dorstim. eves black wilh scaflered golden indophores,
palches o melamn over dorsal suvtace of il
rousculatuie: wol fins. body wall mostly clear. with
some dusky pigment present. Internarial region
voticeably delineated with pigment. lateral Jine
prgams becoming visible,

By day 17, the development of the mouth way
almost complete with the exceprion of the fine black
filaments, which were either not vet present, o oply
short unpigmented roots. Dorsial surlice larthes
pigmented with more golden indophores over areas
picmented  with melanin,  meluding s il
musculatuee pramented dorsally, o well-spaced
broad bands: flecks of pigment tound over fins in
whder farvae, s yet aot obvious; venlril surface clear.
exeepl [or broad permeter of indophores.

Litoria cintopa

Lmbryonic development wis described hy Tyler
& ARss (19750 A comnpiarative suimiaey of cmbry os
ol L.ovitropa und Lo subglandulosa during stages 2.
17, 21 and 25 s given in Table 4. Ficures 4B,
D show stages 17 and 210 In gencrad. L. cdtropa is
larger than £ subgleandilosa thraughout ¢mbrvonic
develapment. with adhesive organs more propent
aud @ity sller and Tess numerous @ stage 21, At
stage 25 and heyond. the lateral ling graans remain
unpigrmented wnd mouthparts possess woth rows e
i kerminised pw sheath (Figs 4, CTyler & Ansnis
[975). Otherwise, the two species have distinetly
traneate. anwuba hewds i stege 17 and similar
hody/tail shape throughoot embrvenic and Tarval
developraent.

Larved beligvicipr
Litvarier subylandilos:

Tadpoles of this species. abserved ar all localities
in Table |- were mostly foune on the substrate m
shallow, stowly-flowing sections of the stream un
sind- amongst ks o leal liner. They were
Frequently  found at the sides of the stream.
swimming fast to deeper mid-shremn or wnengst
rocks (F disturbed. They were well camouflaged
whilst on sind or graging ameongst roeks and
appearcd 1o feed oo Toccolent sile and  algae.
Tadpoles defaecated vapidly after capture und the
ahdominal remon, while similie i width 10 the
branchial vegon (or shghtly less) i live specimiens
i (he streann, wiss conmmonly natiewer 1 preseryed
Spectmens.

Tudpales observed adhering fo the subsirw
rapidly pulled the body Torward 4 diseanee of 2-3 niy
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by the use of the oral disc alone. in a rasping action.
This process was repeated continually, resulting in a
distinctive form of locomotion during feeding, which
has not been described in other Australian suctorial
species. Particles of a fine silt suspension were found
amongst the dense, incurved papillae, buccal cavity
and gut of recently-captured spccimens.

The fine black filaments of the mouth were broken
or missing in some specimens, or each was present
only us u shorter white filament or core, without the
black outer surface (or pigmentation).

Litoria citropa

The tadpoles were found in small rock pools
(either associated with the main stream or segregated
when river levels were lower), and in larger pools or
slowly flowing sections of the stream. They were
also found on the substrate, but unlike L.
subglandulosa, were not observed moving forward
by the use ol the mouth alone; the tail and body were
also involved. They appeared to feed on flocculent
silt and most individuals examined live in the
sireams, had well-filled intestines (the abdominal
region being as wide as, or wider (han the branchial
region). When disturbed they took cover under rocks
or leaf litter. They were well camouflaged on the
sandy floor and the dorsal colour varied from tight to
darker golden brown, depending on the colour of the
substrate and light intensity.

Discussion

Popudation trencds

Comparative ficld observations of the [960s-70s
and 19905 showed a marked decline in the
population status of /. subglandulosa at the type
locality, indicating a nced for comprehensive studies
on population trends of this species across its entire
distribution.

Advertisement calls

The calls ol Litoria subglandulosa and L. citropa
dilTer markedly in structure (Fig. 3A, C) and cannot
be of any assistance 1n the confirmation of
relationships based on other criteria. As noted by
Watson ¢t al. (1991), the audiospectrograms of the
advertisement calls of L. citropa and L. spenceri are
of similar diphasic structure: they difler, however, in
that the lollowing notes in the call of L. spenceri are
more regularly pulsed and of higher pulse rate.

Oviposition and embryos

From observations of oviposition sites ol Liroria
verreauxii, L. dentata, L. phylloclroa, L. caerulea, 1.
cliloris, L. freveineti, Limnodynastes peronii, Lini.
tasiastiensis, Lim. ornats and other specics ol
Australian frogs. it has been noted that each deposits

TaRLE 6. Comparison of bady proportions of larvae of
Litoria subglandulosa.
Type Locality 10 compared with new localities
2, 6a & 7a (Table 1),
(Measurements in mm; mean with range in brackets).
Stages 35 & 36 (Gosner 1960).

Morphometric  Type Locality 10 Localities 2, 6a, 7a
Character n=3 n=28
TL 29.84 31,50
(26.40-35.00) (28.50-33.75)
BL 12.19 11.88
(11.64-12.63) (10.82-13.13)

BW 742 7.64
(6.15-8.04) (7.05-8.45)

BD 6.17 6.10
(5.74-6.64) (5.58-6.72)

™ 5.86 5.87
(5.17-6.48) (5.42-6.40)

™ 2.01 2.35
(1.64-2.29) (1.89-2.71)

10 249 275
(2.13-2.87) (2.46-3.29)

IN 1.88 1.94
(1.80-1.97) (1.80-2.05)

EN 1.46 1.37
(1.15-1.64) (1.15-1.04)

MW 4.55 448
(3.77-5.25) (+.10-5.00)

cggs in a similar manner whether in the fictd or in
captivity (Anstis 1976, Anstis, unpub.). Simitarly. /.
citropa scatter eggs over the substrate in both captive
and field situations. and L. subglandulosa attach the
entire egg mass to a surface just below water level.
The egg mass of L. subglandulosa is adapted to the
lotic environment, being compact in lorm and highly
adherent.

Embryos of L. subglandulosa that survived beyond
stages 8-12 were mainly from the outside tayer ol
capsules. Mortality may be attributed to reduced
oxygen levels associated with higher still — water
temperatures in the laboratory of up to 247C.
compared with 9.4°-15°C in tlowing streams. The
embryos from the egg mass at locality 4b continued
development during the initial two days of
immersion in the stream but. alter removal and
placement in the laboratory, development gradually
ceased over the next four days in the mujority ol
cases.

The periods of 6-8 and 8-10 days taken by two egg
masscs to hatch (while maintained in containers) are
slower thun those of other known stream-dwelling
hylids of lower altitudes, including L. citropa (Tyler
& Anstis 1975: Anstis unpub.). Further comparisons
can be made when data are available for
developmental rates of egg masses within the strean.

The egg capsules of L. citropa are not as adherent
as those of L. subglandulosa. As they are scattered
over the bottom of still pools or very slowly flowing
sections of the stream, stronger adhesive properties
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would not be advantageous, The embryos developed
faster and had o much lower rate of mortility than
those ol L, subglandulosa, possibly attributable o
the individual capsules being seattered over o broad
ared, lacilitating vxygenation.

Farvile

Whilst shght differcices i body proportions were
noted between some ol the northern and southern
tadpoles of L. subglandulosa (Table 6). only a small
sample from cuch arca was examined.

A sample of Lo sabglandulosa tadpoles was also
very  diflicult o maintain o captivity at higher
temperatures and § second somple maintained in
acrated water with Blraton fared o better, Lacking
keratinised. juw sheaths, they could not eat foods
sueh s boiled lettice and commercial fish food,
Introduction ol sileand detital sediments Giken from
the streams in their natural environment resulted in
some feeding. although the tdpoles did not grow as
well s those in the streims,

The distinctive locomotive behaviour of  the
tadpoles involving forwiard propulsion with the use
ol the oral dise alpne. distinguishes them [rom the
stmilar sympatric species Lo phvltlochroa and L,
festenrt, both of which employ some il movement
during locomotion associated with feeding. Gradwell
(1975) stdes that the M3c muscle i L,
sulrglandilosa tadpoles s inserled in both the upper
and lower Tubiie vesulting in both Tabia being “polled

caudad - simultancously™. whereas “most other
suctorial tadpoles move their apper and lower jaws
toward ¢ach other during their scraping action™. This
could explain the mechanism behind the distinetive
movemenl obhserved in live ladpoles in the stream,
Gradwell also notes that this species has, (or ity size.
“the longest und densest puapillae of the buceal
mucosa”, and these "may act as o sieve to exclude
suspended particles above a certam size™,

Examination  of  gut  contents  and  (orther
observations ol feeding mecharmsms are required 1o
determine the functional morphalogy of the inigue
inouthparls of this species.
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